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Membrane  filters  (la)  -re  practically  without  fault  in 
solving  the  problem  of  separating  suspensions  from  various  types 
of  liquid  media. 

Aitnough,  us  wi  11  he  indicated  later,  membrane  filters 
were  fires  manufactured  abroad  (in  Germany) ,  they  were  first  used 
extensively  in  microbiology,  and  especially  in  studying  water  in 
o  ue  H .j  h . 

The  air.  of  this  short  survey  is  to  (1 J  give  a  precise 
description  of  the  membrane  filters,  (2)  eruudne  the  various  trends 
narking  their  use  in  hydrobiology  in  general  ar.d  in  water  nicrobio logy- 
in  particular,  (3)  to  analyse  the  preser.t-day  status  of  the  use  of 
membrane  filters  ir.  the  field  in  foreign  countries. and,  finally, 

(h)  to  point  out  ways  fer  further  work  with  membrane  filters  on  the 
basis  of  personal  experience  and  thus  contribute  to  heightening 
interest  in  shea  which  '..'as,  unfortunately,  grown  somewhat  less  in 
the  UiSl  recently  although  the  possibilities  which  tney  offer 
inves .1^- ...vo  no e  been  exi.auste... 

ryV?--*  ? T7.?v.-h 5a . 

V.hat  we  call  membrane  filters  in  Germany  and  tr.e  bisk,  ar.d 


arc  r.ov  j-lleci  molecular,  i soporous  or  milliporous  filters  in  the 
UJ,  are  rude  from  nitrocellulose.  They  may  also  be  rude  from  other 
cellulose  esters,  Tor  mm.  lx  acetylcellulose. 

Rather  det-il-d  i.  Torsi- .la r.  on  the  cor.posltion  ar.d  properties 
of  membrane  filters  a-y  so  fout.i  in  lander  and  Z-ko '/sky's  (193?)  and 
Tovarritskiy  and  Gi-kr.ar-v  ’  _  (1951)  mcnogr-sns.  The  first  to  nuke 
membrane  filters  ar.d  study  the:-  v.ero  Zsigmondy  and  iacrmann  (1912). 

At  present  there  are  a  number  of  types  of  mr.brane  filters. 

The  most  vdaely  distributed  are  filters  made  with  alcohol-ether 
(collodion)  or  acetone  solutions  of  nitrocellulose  as  a  base.  In 
developing  the  methodology  for  a  direct  microscopic  count  of  bacteria 
in  water  (Razumov.  1932)  are*  were  forced  to  make  our  own  membrane 
filters. 

Our  first  filters  were  rude  in  1929  at  the  VO 1110  (All  Union 
Scientific  Research  Institute  for  hater  Supply,  Sewer  Systems,  Hydra- 
Structures  and  Hydrogeological  Engineering)  institute  with  the  collab 
oration  of  G. I. Dolgov  according  to  Eachmann's  simple  reconmenuaticns. 

According  to  his  formula  the  filters  are  made  from  collodiun  o 
a  solution  of  movie,  or  photographic  film  vita  the  emulsion  layer  reno 
an  •—  CO—  o * «e .  —  er  s — — ndi n^  — •  *c  —  —  — . »g  c . ..  a  —  — . « j  x. c.  e —  — e sc  so — — — — s 

are  poured  onto  a  glass  in  a  perfectly  horizontal  position,  “iter 
evaporation  of  the  liquid  components  of  the  mi; mure,  the  remaining 
filter  is  cut  into  disks  on  the  required  dimensions.  Iy  varying  the 
relative  amount  of  acetone  in  the  first  c-se  -ad  she  -e~ - ol  in  the 
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second,  ore  may  obtain  filters  of  different  density.  The  presence 
of  filters  and  plasticising  agents  in  the  no vie  and  photographic  films 
impelled  us  to  replace  th. —  w_  oh  collodion  cotton  of  specific  brands 
which  produced  filters  of  ..or.  _o_r.darc  quality. 

Tha  first  original  formula  for  muling  membr-ro  filters  in 
h.uswia  was  proposed  by  -ia..ova  ar.a  Voroshilova  (1932).  In  tnis  case 
acetone  ana  ethyl  acetate  '..'are  solvents  of  nitrocellulose  and  isoamyl 
alcohol  was  tne  congulaair.g  agent,  «s  the  solvents  evaporate  the 
relative  amount  of  coagulating  agent  in  the  solution  of  tne  glass 
increases  and  this  is  '..hat  deterrir.es  the  micro-  ar.a  macroscopic 
structure  of  tne  filter. 

The  production  of  small-dimension  filters  is  quite  easy  in  the 
laboratory  but  it  is  difficult  to  make  them  of  standard  quality  since 
a  number  of  conditions  must  be  met  exactly,  in  particular:  standard 
quality  of  the  nitrocellulose  (collodion  cotton)  according  to  the 
degree  of  nitration  and  viscosity  of  its  solutions,  solvents  and 
coagulating  agents,  temperature,  atmospheric  moisture  of  the  room 
where  the  filters  are  made,  tne  evaporation  cycle  of  the  mixture 
poured  out  on  glass,  etc. 

In  consequence  of  this,  it  is  preferable  to  use  factory-made 
filters.  Tr.e  first  fa  ctory  to  rake  membrane  filters  was  set  up  in 
Goettingen,  Germany,  or.  the  basis  of  Zsigmondy's  work;  it  is  still 


3 


In  kussia  the  production  of  membrane  filters  on  a  scale  to 
satisfy  the  needs  of  Moscow  V.'ater  V.'orks  labor-tories  was  staroed  in 
1932-1933*  Mater  production  was  increased  to  meet  the  requirements 
of  t..e  whole  country  at  the  experimental  ultrafilter  plant  of  the 
Ministry  of  Communal  Services  MSFS.I  (in  Mytishchi). 

A’he  first  membrane  filter  factories  were  established  in  the 
US  in  1951-1952. 

The  structure  of  the  filters  is  quite  complicated,  he  may 
distinguish:  (!)  the  almost  ideally  even  and  smooth  surface  turned 
toward  the  glass  during  manufacture  and  (2)  the  wavy  side  turned 
upward  toward  the  air.  Filtration  is  usually  slower  if  intake  is 
from  the  less  smooth  ("air")  side  than  when  the  liquid  passes  into 
the  "glass"  side.  It  is  supposed  that  the  pores  are  broader  on  the 
"glass"  side  (cf.  IAander  ar.d  Zakovsruy,  1937,  Page  So). 

Some  types  of  membrane  filter.-,  w..en  examined  from  the  air 
side  or  held  up  to  the  light,  show  a  more  or  less  clearly  pronounced 
system  of  polygonal  ceils  (cellular  structure).  The  faces  of  the  cells 
appear  to  be  more  finely  pored  than  the  central  parts. 

Suspensions  separated  from  water  on  these  membrane  filters  are 
distributed  unevenly  in  spots.  The  appearance  of  this  type  of  structur 
depends  or.  the  composition  of  the  original  mixture,  ir.  particular  on 
the  introduction  of  etpyl  alcohol  into  it.  This  structure  is  complete¬ 
ly  lacking  in  filters  made  according  to  iiar.ova  and  Voroshilova’s 
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method  (193*.). 

glass  side  of  n—brar.e  filters  is  usually  shiny  and 
e.-rc.el-like  (velvety  ir.  ...sue  porous  filters)  and  scat  sines  the 
_airg.no  ss  is  imp ,r_. _-.  ;r.t  ar.d  rubs  off  easily  or  there  is  a(fila) 
fine  po vdcry  deposit.  i’o  insure  uniformity  in  the  distribution  of 
the  suspended  tatter  (bacteria)  on  the  filter  we  recommend  removing 
this  fine  ueposit  with  a  bit  of  absorbent  cotton  (for  the  preparation 
of  membrane  filters  for  bacteriological  analyses,  cf.  Drachov, 

Rasum.ov  and  others,  1953,  page  267).  Concepts  of  the  firm  microscopic 
structure  of  membrane  filters  •..'are  until  recently  largely  schematic 
ar.d  to  a  great  degree  hypothetical  (a  system  of  tiny  channels  with 
round  or  slot-like  cross  sections). 

Keinoke  (1953)  rate  an  electron  optical  study  of  German 
membrane  filters  after  powdering  then  with  metal,  which  persitted  him 
to  examine  the  details  of  surface  structure  and  the  absorption  of 
hydrocarbons  with  their  subsequent  evaporation,  by  dissolving  of  the 
body  of  the  filter  with  acetone  in  both  cases  and  by  stereoscopic 
examination  of  the  residue  -  the  "imprint"  of  the  por e  system. 

Five  types  of  filters  wore  studied  with  a  water  penetration 
ua»_r.cd  as  the  specs  oi  ia_ traauon  of  lCo  md.xai_nters  tnrougn  an 
area  of  ICO  square  centimeters  in  from  100  sc  1  seconds,  -he 
cavities  of  the  densest  filters  consist  of  very  fine  vesicles 
distributed  throughout  the  coay  of  the  membrane  filter  and  of 
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relatively  uniform  dimensions.  when  the  loiter  penetrability  of 
the  membrane  filter  increase a, tee  site  of  the  cavities  increases; 
the  body  of  the  membrane  filter  is  a  profusely  branched  system  of 
tiny  canals.  Aie  outlets  of  vie  canals  cr.  .he  surfaces  make  them 
uneven  and  irregular.  The  easily  pen. salable  filters  have  rather 
large  cavities  but  the  min  mss  of  the  a'ilter  is  spread  cut  be¬ 
tween  them  like  little  i slants.  Their  surface  is  still  more  uneven. 

according  to  calculations  cade  by  Goeta  and  Tsuneishi  (1951) 
the  pares  rake  up  75-20  percent  of  the  volume  of  bacteriological 
(molecular)  membrane  filters  while  the  body  substance  is  only  15-20 
percent.  On  a  membrane  filtration  surface  53  millimeters  in  diameter 
there  are  approximately  500  million  pores. 

Filters  made  in  Russia  are  disks  35  millimeters  in  diameter, 
0.1  millimeter  thick  and  weighing  appreximately  20-30  milligrams. 

The  porosity  of  the  membrane  filters  is  characterised  by  water 
penetrability  defined  as  the  rate  of  passage  through  the  filtration 
area  (30  millimeters  in  diameter)  of  moist  membrane  filters  of  500 
milliliters  of  distilled  water  and  by  penetrability  of  dry  membrane 
filters  by  air  as  expressed  in  atmospheres.  The  specifications  of 
membrane  filters  are  presented  in  the  table. 

For  direct  bacteria  count  there  are  membrane  filters  with  an 
18-millimeter  diameter. 
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Factory  ho. 

/..’at mr  per; . .  ability 

..mr  per.no abili 

.  *worcLf^e  por’e 

(averuwo  j 

(atmospheres) 

(microns 

T 

9  . 

2  -  2.5 

0.3 

2 

1.5  min 

1.3  -  2.0 

0.5 

3 

2.  *■  -  *  • 1 

1.5  -  1.3 

0.7 

t, 

*4- 

65  see 

1.2  -  1.5 

0.9 

5 

35  C 

0.5  -  1.2 

1.2 

Preliminary 

12  sec 

- 

2  -  5 

Filters  rude  in  Germany  ire  0.1  millimeter  trick,  total  diameter 
12  millimeters  and  an  average  pore  diameter  in  uifferent  types  of 
membrane  filters  of  0.7  -  2.0  microns  (druse,  1919).  Their  '.-rater 
permeability  h-s  beer,  cited  earlier  (Kelr.cke,  1993). 

.^c co. -'air. 3  to  Euan  (1953)  t'.ro  typos  of  "molecular"  membrane  filters 
are  manufactured  in  the  EG:  ^ "aerosol"  —  for  separating  suspended 
m-tter  a.nd  bacteria  from  jaseous  medic.  and  Mi  -  "hydro sol"  for 
separating  suspended  natter  ar.d  bacteria  iron,  loquid  medio.. 

HA  filters  are  put, out  in  t ne  form  of  da shs  (17  millimeters  in 
cb.cu.eter  vor.king  surface  of  9*5  square  centimeters  ar.d  thickness  of 
0.15  millimeters).  According  to  Coots  (1951)  the  filters  are  50 
millimeters  in  diameter.  Filtration  rate:  100  milliliters  of  distilled 
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water  at  room  temperature  and  or.e  atmosphere  pressure  will  pass 
through  in  5  seconds,  or  15  seconds  in  the  case  of  denser  na~ drone 
filters. 

The  most  important  ei’it-ricn  for  she  quality  of  a  membrane 
filter  is  the  size  of  the  pores,  Hr  sanitary  d- c t e  r_ olo  pi c-1 
analyses  of  viator,  .-.amdru.,.  filters  with  an  average  pore  dimension 
of  0.7  microns  aro  satisfactory.  Thio  value  io  -erived  from  the 
filtration  rate  of  distilled  water  cm  the  b_sis  of  ?oiseuille»s  law 
(cf.  Hander  and  ha' covskiy,  1937,  page  93). 

As  is  evident  from  the  earlier  description  cf  the  structure 
of  membrane  filters,  the  dimensions  of  different  pores  nay  vary  at 
times  both  towards  greater  as  well  as  towards  lesser  size  and  for 
this  reason  it  is  important  that  bacteriologists  have  data  on  maximal 
pore  size. 

This  index  is  obtained  by  measuring  the  pressure  necessary 
for  the  passage  of  air  through  a  wet  filter  (cf.  Hander  ar.d  iakovskiy, 
op.  cit.,  page  121). 

Satisfactory  cdrect  counts  of  bacteria  may  be  obtained  with 
those  membrane  filters  on  'whose  surface  is  produced  a  regular  spot 
dy  the  passage  of  a  dilution  in  distil-ed  water  wr.ose  suspenses 
bodies  do  not  settle  during  24  hours  aits  where  there  is  no  color 
on  the  reverse  side  of  the  filter  and  whore  the  filtrate  is  trans¬ 
parent. 
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(I/.Ui.aer  and 


•z,  I'oseripu'.cr.  a:. a  picture;  oi  those  which  are  used 
.t ‘or.  cmy  he  feunu  in  a  number  of  special  manuals 
.kovskiy,  1937 ;  Tcvar..iuskiy  -ad  Glukharev  1951, 


a:.u  o t-horSy « 


For  exm.Jnir.g  v;.s  r  s.:e  .ollcvrinj  are  used:  nolkwita1 
apparatus  proposed  for  separ_-ir.y  plankton  from  v:ater  (kasunov,1932 
Figure  1);  delta  *  apparatus  of  different  dimensions,  recoz.ter.ded  for 
filtration  through  a  she  sto  s-ccllulo  se  membranes  (ci.fi  an  ova  ar.d 
Vo  rosin,  leva,  1932,  Figure  1);  two  Olikhov  apparatus  for  studying 
plankton  (cf.  iiuzumov,  1933,  Figures  1  and  2),  The  handiest  ar.d 
simplest  for  microbiological  studies  of  water  is  the  5.  5.  Semenov 


apparatus  ar.d  the  very  similar  or.e  .tads  by  Engineer  Gol'dman.  Its 
lower  part  has  an  area  with  a  ro'.uid  opening  closed  with  a  porous 
layer  of  crushed  glass  or  one  cut  out  of  punice,  brick  or  other 
porous  material  (diameter  30  millimeters)  and  ending  in  a  double 
tube:  the  outer  tube  is  fitted  with  a  spigot  ar.d  connected  to  a 
vacuum  pump:  the  inner  tube  communicates  with  the  porous  layer  and 
serves  to  carry  off  the  filtrate.  The  stopper  which  closes  the  bottle 
to  receive  the  filtrate  needs  only  one  opening.  The  upper  part  is 
fitted  with  a  metal  or  glass  funnel  holding  up  to  one  liter.  The 
lower  part  has  two  wedge-shaped  flanges,  the  upper  part  corresponds 
to  the  shape  of  the  grove  which  assures  air-tight  coupling.  Many 
laoorutories  maintained  by  our  water  companies  are  equipped  with 
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special  a  -ties  vrf.tr.  a  bata  .ry  or  filtration  apparatus  (6  to  10 
pieces)  supplied  wi.h  ^as  _nd  vacua™  and  a  lead-off  for  the 

Juc^ici  iVvt  pro-pettus^s  this  . o  or  -..paratus  is 
liiuely  used  in  Ger.-.n.y, 

t.'.o  no st  v.mcspreau  rr.  t  c  . ~»  as  noctz*  a..sarsaus  (uoetz, 

19 51 ,  1952;  basically  aha  s_Uo  as  .'..-t  or  3.3.  Stt.sr.ov.  Its  upper 
part  is  a  cylindrical  funnel  of  stainless  netul  v.v.ils  the  lower  part 
has  a  layer  or’  “porous  carbcr.:l  with  a  filtration  surface  of  9.6 
square  centimeters,  There  is  no  lead  for  pumping  out  air  so  the 
receptacle  for  the  filtrate  .vary  be  only  Eunsen  flasks.  The  presence 
of  a  rubber  v.-asher  a.,  a  the  use  of  plastic  in  ttahinq  cone  parts  of 
the  apparatus  excludes  the  possibility  of  sterilising  it  by  he-tir.’. 
The  apparatus  is  sterilized  disassembled  with  formalin  vapors  produce 
by  incomplete  combustion  of  methyl  alcohol  in  a  ch— leer  adjacent 

DO  o*iC  dp*ps»r*ci w\A3 • 

C-ootz  (1953)  proposes  a  special  filtration  device,  the 
co neen w . w^.e ter.  v.s  ormcxpic  ..  e.x  o x  a  o . *e  ...... o  o. .  e  ... a*. >b. «x..e 

filter  is  placed  vertically  _ud  r.ot  horizontally  as  usual,  .as 
filtration  progresses  t...  amount  of  suspended  matter  ar.d  bacteria 
increases  iron  tne  vop  oi  oi.e  ..^^.sr^.r.o  ixiter  a  o ....  r  a  uhc  DOwvC^ 

(the  suspcr.aed  matter  is  deposited  in  tne  form  of  a  v:eaqe ; .  This 
Zu ..to a  Ox  .iltrn,ion  is  po  ..s* o^e  . .r.c e  a  v.;.  f  a  » — o* . c w .  xaxe 
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to  air  at  no  less  than  3  at:~G3ph-re  pressure. 

The  membrane  filters  are  rectangular  (31a  centimeters)  ana 

provided  with  a  frame  or.  whies  _ _ rked  the  ksri cental  levels 

corresponding  to  the  star.da.u  voi— _ _  of  analysed  water  uses  in  the 

US  (from  0.1  to  100  sn.llilia.rs).  'fni-  par..its  aha  use  of  computation 
tables  for  the  coll  index  0-1  -  moot  probable  number  of  Escherichia 
coli).  After  filtration  the  membrane  filters  become  overgrown  in 
the  usual  manner. 

.»  very  simple  apparatus  for  direct  bacteria  count  in  water 
(miefcobial  plankton)  is  the  Pol'sh  "pinchcock  h'o.1”  (Fol'sh,  1533). 
host  useful  for  this  purpose  in  the  modification  by  E.P.bol  v 
(?Oi2umov,  1953).  The  lower  part  of  the  apparatus  has  ar.  opening 
10  millimeters  in  diameter  closed  with  a  porous  layer  instead  of  a 
metal  sieve;  the  tube  that  conducts  off  the  filtrate  is  double  as  in 
the  S. 5. Semenov  apparatus  which  enables  one  to  use  ar.y  bottle  as  a 
filtrate  receptable.  The  metal  cup  is  replaced  by  a  class  one  which 
eliminates  contamination  with  metal  oxides,  ‘The  two  parts  are  joined 
as  in  the  Pol'sh  pinchcock  (nut  screw). 

THE  SCOPE  OF  USE  OF  iwlBftdi,  FIETE13 

The  membrane  filters  proposed  by  specialists  in  the  field  of 
physical  ana  colloid  chemistry  mere  first  usea  there  as  filtering 
material  operating  on  the  sieve  principle  .•.v.orday  sorption  phenomena, 
if  there  were  any,  were  but  slightly  pronounced  (cf.IAanaer  and 
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file. ere  were  first  used  wish  great  success,  as  laser  shown ,  here  in 
the  ILJ.l.  It  was  likewise  the  Ubb.T  which  first  proposed  she  use  of 
membrane  filters  for  studying  the  micro flora  of  the  air  (Xliyavskaya, 
1947). 

kicp^sccpic  STJJZ2S  o.'  .;..t_i  ;.i?a  —  ta _ _  tiliaas 

There  c-n  be  no  doubt  that  it  has  beer,  firstly  established  tha 
the  microbial  population  of  the  seas,  oco-r.s  and  continental  waters 

is  hundreds,  thousands  or  ever,  more  tia.es  more  turners _ ,  than  wo  car. 

conceive  from  methods  based  on  the  culturing  of  microbes  (b;  counting 
colonies  and  determining  the  titer  on  all  possible  media),  r-eaii sing 
quite  clearly  the  -.efects  of  the  culture  method  in  studying  the  micro- 
flora  of  water,  many  investigators  have  been  seeking  methods  for 
direct,  immediate  examination.  A  very  real  difficulty  in  this  field 
is  presented  by  the  search  for  a  more  simple  and  reliable  sietnod  for 
concentrating  Relatively  small  numbers  of  bacteria  from  comparatively 
large  quantities  of  water  samples. 

The  most  improved  and  simple  method  is  that  of  filtering  the 
quantity  of  water  mentioned  to  the  end,  crying  ur.d  fixing  the  microbes 
which  have  settled  on  the  surface,  staining  this  preparation  wi«h 
carboierythrosin,  washing  the  stain  fro:r.  the  membrane  filters  tith 
distilled  water,  a  second  drying,  mounting  in  Canadian  balsam  and 
examining  with  a  microscope. 
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water  with  sparse  microficra.  decently  atto.wi or.  h-s  been  airecsed 
to  this  possible  source  of  orror  by  kriss  (1953)j  and  his  colleagues 
Rukina  and  Biryuzova  (1952)  h-ve  developed  a  needed  for  making  membrane 
filters  which  are  free  of  this  aszhss. 

The  problem  of  the  cont~.  .ration  of  membrane  filters  and  its 
evaluation  has  been  t  1'CCL‘bcCi  IL.1  CCvul«.  -lH,  oh S  pcl^C 3  Oi  "o.^li-S  ICJ2. ^a. T*G 
in  the  above-mentioned  articles  oi  hriss,  EuLdLns  and  Eiryuzovc.  as 
well  as  by  Kuznetsov  (1952)  and  f—uumov  (1952).  The  contamination 
of  the  membrane  filter  used  :._.y  be  easily  evaluated  by  studying  the 
edges  which  did  not  participate  in  the  filtration  of  water  .  ..ila 
examining  the  stained  material.  ..here  there  is  a  relatively  small 
number  of  microbes  in  the  water  it  is  recommended  that  the  quantity 
of  water  to  be  filtered  be  increased.  It  is  of  course  impossible 
to  use  really  contaminated  batches  of  membrane  filters  without 
hurting  the  study  being  made. 

As  in  counts  on  k?A  (meat-pepior.e  agar)  r.ot  all  clumps  are  to 
be  regarded  as  colonies  of  bacteria  so  in  this  work  r.ot  all  particles 
that  take  the  stain  are  to  be  considered  as  microbial  cells,  i.  e., 
the  work  must  be  aone  by  a  rather  experienced  microscopist  who  is 
able  to  distinguish  microbes  from  cr.ance  contamination. 

direct  methods  for  counting  microbes  in  soil  and,  in  particular, 
in  sea  water  have  been  subjected  to  very  sharp  but  wholly  unjustified 
criticism  by  Kalin enko  (1953).  Finding  that  Okhotsk  boa  water  shewed 
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:.'e  do  not  know  of  a  single  biocoer.osis  in  v.'hich  there 
•would  ulv/ays  be  a  large  number  of  dead  bodies  for  an  unknown  reason. 
She  water  from  natural  bodes  cannot  be  equated  with  a  iiemng  agent 
and  for  this  reason  dead  cells  rather  quickly  undergo  decomposition 
as  the  result  of  autolysis  as  demons tr-tod  by  Lazareva  (1953).  It 
is  possible  to  make  a  direct  evaluation  of  the  number  of  dead  cells 
in  w^ter;  they  are  usually  found  at-tnir.  the  limits  of  10-20  percent 
( La  zar eva ,  1953). 

Finally,  it  is  possible,  despite  Kalirer.ko's  statement,  to 
approach  a  dotordr.ation  of  the  qualitative  make-up  of  tds  biocoenosi 
according  to  the  morphological  character! sties  of  the  ni crocus  and 

aicrocherical  reactior.3  (Or; _ staining  te card. cue,  aeterminir.g  the 

storage  of  iron,  calcium,  sulfur,  etc  in  the  ceils)  as  well  as  by 
using  methods  for  microcultures  on  membrane  filters  and  on  special 
media  (Razumov,  1953)- 

These  preparations  are  used  likevn.se  for  studying  abiosest er.e 
(in  computing  the  amount  of  ferric  hydroxide  in  lake  wutor-Ruzr.otsov, 
1952,  page  264)  in  studying  mineral  suspensions  in  rivers  (Razumov, 
1954,  page  2C). 

Ihe  direct  method  for  counting  bacteria  in  water  by  using 
membrane  filters  has  hardly  attracted  the  attention  of  foreign  micro¬ 
biologists.  almost  the  only  exception  is  the  work  of  Zectti  (1935) 
which  confirmed  the  main  conclusions  of  Russian  authors.  Luring  the  pa 
2-3  years  mention  has  been  made  of  the  possibility  in  principle  of 
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u~.l*'.  ■  ;.  _....^r  i.v,  ilx'-'Orc  — r.  u* _ -  .1'-—  -  \ . V-’O.'4  ui.c.  oor» or  s ,  >3 )  rffSLLQ  or*±y 

.;  -■  .  rr-iioo  cr.  Ru::o1j.:i  works,  has  published 

a  ;:.o.h.ric-oior  of  a...  ^ir^ct  b-*cl>.-'ia  ccuat  r.Cohod  usin^  ::.c~brare 

■  ■  f  uj.l--r  Lw  ai*.  ssuoyan^  br.o  i.LLcro oaal  paa/L.*t<OLi 
Tr.i  or  the  r-odi.'ioc-tion  are  as  follows: 

v  for  23  ninutos  at  70  decrees  after  water 

has  passed  throe  -h,  tut  procurations  are  stained  for  3-5  minutes  with 

methylene*  Liao  (0.5  •>-.  stair.,  10  ciiiilitor  alcohol  (9o.J)  ar.d 

the  100  milliliters  of  a.  stilled  water)  until  the  stain  is  deep  blue  and 

re  clarified,  fr.e  average  error  in  quantitative 


*.c  .or >_r. o  . m*. <■> o r 


.d  5  percent,  ’doing  a 


calculations  nas  teen  round  to  ca  sotweor.  .+  an 
base-type  stain,  tat  author  accepts  the  deep  staining  of  the  rr.sr.brar.e 
filters  ar.a  tries  to  increase  contrast  by  using  niictures  of  various 
clarifying  agents,  for  octuple,  equal  aitcur.ts  of  clove  and  i—corsion 
oil  or  paraffin  oil  .na  cugor.ol  (Jarxascn,  1554).  Finally  there  is  a 
short  report  (..icr.-rd-  -nu  hraboc,  1554)  cr.  the  possibility  of  eotatining 
rn or  wrw — + — W---U  or*  L.ur»o*'t*i.j  .i_ xwo-'g  >•  i  0  r*  c.  or.u-sc:  rLL crosc^oo • 
a*«*j * r.<j *>*^  ru.  o  \  .  v*.  **^.’uJL'C.~x*w  r  liiiLO 

Since  1932  in  r.ussia  .r.d  recently  abroad  great  success  has 
wutt  i,.t  .t*  . •  j  a„6wii.t.  .or  ccnCwa.a'tw.ot  w.  Ai.c.  .aerobes  on  ueso. *• . 
filters  vr.th  subsequent  growth  on  various  uiagnostic  media. 
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In -sc  irj-.'.ou2  v.\*re  ursu  sroposcc  c.L^  river*  ir.oroujr.  nucy 
ty  barsov  (1932,  15;5,  19-7) •  ne  demonstrated  t:at  if  tne  indicated 


amount  oi  v,-ster  is  s; 


through  :..vabr.-r.e  filters  ana  slaceu  in  a 


Petri  oish  with  II?A  or  laao:s  .r.e-iun,  it  is  possible  wits  ordinary 


culture  systems  to  . — ~.m  — 


w»*V/  _^iCv..^.  >}wv*U j  Ox  i 


•‘3  his  observations  ;..vc  lira  for  a  .lumber  of  years,  the  number  of 
colonies  of  a  saprophytic  ..i^roflora  lops  the  sane  (or  ever,  some¬ 
what  more  by  the  exclusl  .  of  damage  to  cells  ’.:hen  t..o  nutritive  m-dium 
is  poured  in)  _s  v;..en  this  i_  done  in  -he  usual  way.  Cola  indexes 

obtained  tarougn  uetcr«.anat^on  on  mensrnne  is _ tas  are  tr.e  sane  as  tacse 

from  surface  cultures  of  water  on  ar.do's  medium  or  by  the  titer  mctr.od 
on  standard  liquid  media.  This  approach  to  studying  water  and  otner 
liquid  media  seemed  to  posess  a  number  of  important  advantages  and 
for  this  reason  soon  gained  tne  attention  of  Prussian  ba  sieriolc  gists, 
hygienists  and  workers  in  the  field  of  sanitations.  In  p-rtieular: 

1.  Tnis  method  allows  a  considerable  reduction  in  the  r.coas 
of  laboratories  for  bacteriological  vessels,  for  tne  number  and 
capacity  of  incubation,  for  culture  meaia  and  materials  and  reagents 
which  are  necessary  for  their  production. 

2.  There  is  a  corresponding  reduction  in  the  amount  of 
work  for  personnel  occupied  with  maiing  analyses. 

3.  Ahe  whole  system  of  sanitation  b-ctcriological  analysis 
of  water  may  be  shortened  ur.d  its  time  redness  to  2  instead  of  3-5 
cn*ys  co  demanded  by  tne  Su.anuu.rd  manned  to.r.f  .<.mc.au -w»  . ^ . j . 
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(g)  --—'tor  drying  ur.d  decontamina tion  (by  formalin. 


for  example)  tie  filter-  on  which  colonies  have  been  growing  nay  be 


kept  as  supplements  to  the  records  of  analysis. 

In  1939  i'-  P.ussiu  by  or.. -r  of  the  People's  Cc.vrissariats  c 
Bublic  Health  a..d  Communal  icrvic.-  Jiafil  -bis  met  bod  was  introduced 
to  replace  the  titer  method  finally,  1950,  it  became  the 
principal  method  in  the  first  .-.11-Union  book  of  standards  (C-OST  — 
5281-50:  Drinking  water;  methods  for  bacteriological  analysis). 

The  method  of  fermentation  tests  remains  only  as  a  substitute. 

This  method  has  found  wide  acceptance  in  various  fields  of 
applied  microbiology  in  sanitation  studies  of  water  (alfimov,  1954; 
Pozybay,  1933) ,  of  beverages  (Gronval'd  and  Kanovskaya,  1945),  of 
mineral  waters  (Lashchiiina,  1946),  for  the  detection  of  pathogenic 
microbes  in  water  (Hats,  1941),  in  milk  and  milk  products  (hskolor.ov 
and  Faybyahenko,  1940),  in  air  (Kilyavskaya,  1947)  etc.  great 
number  of  works  treating  the  details  df  this  method  and  particular 
problems  in  its  applications  have  been  published  in  Gigiyena  i 
sarJ.tr.riya  (Kygier.e  and  Sanitation),  Laboratornava  praktixa 
(Laboratory  Practice),  Hikrobloloriya  (Microbiology)  and  other 
publications  since  1932. 

Mention  myst  be  .  e  of  nifficult  cases  of  using  membrane 
filters  in  studies  of  water. 

Where  there  is  a  large  amount  of  suspended  matter  and  a 
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relative  small  number  of  bacteria  the  accumulation  of  suspended  natter 
progresses  more  rapidly  than  eoes  that  of  the  bacteria. 

T r.e  layer  of  suspended  matter,  by  ch -aging  the  conditions 
under  which  the  coloni-.s  envelop,  may  diminish  the  selective  properties 
of  the  media  used.  To  a  ceri:ir.  d-greo  this  influence  of  the  suspended 
matter  ray  bo  limited  by  increasing  the  size  of  the  membrane  filter 
whies,  naturally,  requires  but  a  slight  change  in  the  construction  of 
the  filtration  apparatus,  '-’mi-  method  is  used  both  in  Russia  and 
abroad.  Goetz  and  otners  (1951)  propose  for  this  case  the  use  of 
larger  membrane  filters  with  90-millimeter  diameters . 

For  tne  same  purpose  we  use  filtration  through  2  membrane 
filters,  on  top  of  a  fine  filter  we  place  a  larger  pored  Eo.5  or  a 
"preliminary"  membrane  filter.  Viren  filtration  is  finished  both 
filters  arc  placed  on  a  thick  medium  ana  tne  number  of  colonies 
grown  are  added  together. 

Potkov  (195I.)  proposed  a  special  modification  of  an  apparatus 
for  similar  two-stage  filtration.  *his  method  likewise  does  not  solve 
the  problem  in  case  of  an  excess  of  very  fine  suspended  matter  as  is 
characteristic  of  mountain  streams  and  many  rivers  of  Central  asia 
(Razumov,  1954). 

Special  difficulties  are  presented  by  the  presence  of  plankton 
in  the  water.  In  this  c-se  the  suggestion  has  been  made  to  increase 
the  selective  quality  of  Undo's  medium  by  introducing  0.1  percent 
phenol  or  to  increase  the  concentration  of  fuchsin  while  the  amount 


of  sodium  sulfite  remains  unchanged  (kasumov,  1947, 1553). 

To  avoid  the  precipitation  of  ferric  hydroxice  iron,  some  mineral 
waters  it  is  recommended  that  the  ferrous  oxide  be  stabilized  by  sodium 
citrate  (Lashchilina,  1946). 

As  shown  by  Skoredunov  (1935) ,  bacterial  colonic a  decidedly 
dehydrate  a  thick  medium  on  which  they  are  growing. 

This  phenomenon  is  even  more  pronounced  in  cultures  on 
membrane  filters:  under  large  colonies  there  are  clearly, visible 
pits  which  point  out  the  difficulty  in  this  c-se  of  a  lateral 
subcurrent  of  liquid  to  the  colonies,  and  in  general  the  size  of 
colonies  on  media  with  ordinary  amounts  of  agar  (1.5  -  2.0  percent) 
is  somewhat  reduced. 

To  speed  jip  the  growth  of  colonies  on  membrane  filters 
Barsov  (1937)  proposed  to  decrease  the  amount  of  agar  in  media  to 
0.75  percent  or  even  eliminate  it  entirely,  by  effecting  the 
growth  of  cultures  on  beds  of  filter  papEr  soaked  in  a  nutritive 
medium,  a  number  of  similar  absorbents  of  liquid  media  (sand, 
ground  glass,  etc.)  were  proposed  by  Dianova  and  Voroshilova  (1943). 

Membrane  filters  have  opened  uo  new  and  extensive  possi¬ 
bilities  in  the  field  of  accelerating  bacteriological  analyses  of 
water. 

Along  this  line  Barsov  (1937)  suggested  r.ot  only  a  decrease 
in  the  amount  of  agar  in  nutritive  ar.d  diagnostic  meoia  but  an 
increase  in  the  amount  of  peptone  in  them,  the  introduction  of 
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supplementary  nutritive  ar.i  growth  substances  in  the  font  of  meat 
extract,  meat  lysate  ar.d  ytu_t  autolysate,  an  .  an  increase  in  the 
growing  temperature  to  41  degree..  11:  method  .rucceeds  in  reducing 
the  time  for  the  appearance  cl  colonies  of  ccli  b-cilll  visible  to 
the  naked  eye  from  24-13  to  11-11  hours.  Strakhova  proposed  the 
introduction  of  vitamin  B-  into  accelerated  media  (1913).  Further 
mechanical  reduction  in  the  growing  time  leads  to  microscopic  obser¬ 
vation  of  primordial  microcclonies.  In  this  case  the  muT.brar.o 
filters  are  cultured  for  5-S  hours  and  then  removed  from  the  culture 
medium  and  treated  as  preparations  for  direct  bacteria  count  (kasumov, 
1933). 

In  this  way  Barsov  (1937)  succeeded  in  finding  coli  bacilli 
in  water  from  the  Moscow  River  after  3  hours  of  growth.  The  possi¬ 
bility  of  transplanting  colonies  grown  on  membrane  filters  to  other 
media  opens  broad  prospects  not  only  in  the  field  of  sanitary  bacterio¬ 
logical  investigations  but  in  studying  the  various  processes  connected 
with  the  metabolism  of  the  most  varied  bacteria.  M.F.  Lazareva,  at 
our  suggestion,  carried  out  simultaneous  detection  of  a  number  of 
saprophytic  bacteria  -nd  coli  bacilli  in  one  culture;  the  water  was 
seeded  on  meat  peptone  agar  ar.d  the  colonies  counted;  then  the 
membrane  filters  with  the  colonies  were  placed  an  a  diagnostic  medium. 
In  the  case  of  Endo 1 s  .medium  red  colonies  appeared  within  2  hours, 
i.e.,  it  is  possible  to  detect  bacteria  capable  of  aouc...po_ing 
lactose  with  the  formation  of  acids  and  aldehydes. 
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Dia  rustic  media  usually  contain  different  typos  of  inhibitors 
of  growth  of  outside  bacteria  v.n:u.lin  ant  other  ayes,  phenol,  etc) 
which  prolong  the  lag  phase  in  the  reproduction  of  bacteria.  A  none 
rapid  transition  to  the  phase  of  is pa rib  Laic  growth  may  be  obtained 
by  proving  the  bacteria  for  2-1,  hours  on  accelerated  media  and 
completing  the  development  on  selective  media. 

with  the  works  of  Sunder  (1930  s-'-d  hoof  fling  (1931-1935)  as 
a  basis,  tests  were  made  of  the  introduction  of  complex  cyanides  of 
copper,  nickel,  sodium  nitroprusside  and  others  into  nutritive  media. 

As  shown  by  our  experiments,  carried  out  with  the  collabo¬ 
ration  of  nudret so va- Vi as  and  Orlova,  it  is  possible  within  a  short 
time  to  establish  the  capacity  for  decomposing  complex  cyanines  of 
copper  and  nickel  by  transplanting  membrane  filters  with  colonies 
grown  on  neat  peptone  agar  to  media  with  the  proper  supplements.  In 
the  latter  case  the  nickel  ions  in  the  colonies  we re  detected  by 
"developing1  the  membrane  filters  with  Chugayev’s  reagent  (dimethyl- 
glyoxime).  On  meat  peptone  agar  with  0.5  percent  sodium  nitro¬ 
prusside,  bacteria  of  the  coli  bacilli  group  form  blue  colonies. 
Gram-positive  and  many  gram-negative  bacteria  do  not  have  this 
capacity. 

On  nutritive  media  with  a  source  of  carbon  in  the  form  of  iron 
citr-te  or  potassium  ferrocyanide  blue  colonios  of  citrate-assimilating 
bacteria  grow.  It  is  better,  however,  to  introduce  only  iron  citrate 


into  the  medium  and  remove  the  filters  with  colon!-.,  from  the  medium 
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and  "develop"  the...  by  n-istaning  them  v.ith  a  solution  of  potassium 
forrocyar.ida  (3  p  jrccr.a)  a:.:.  hydr__uloric  acid  (5  percent). 

furthermore  one  .  —  y  vary  quickly  establish  one  capacity  o: 
bacteria  growing  on  dilt.ro  dcr  ro_ucing  nitrate  into 

nitrites:  the  -iitcr  v.-ith  i—  tolonioo  is  placed  on  agar  nith  an 

adca.  nor.  of  . .. .  u.  ^  — .  ■  .a  _ _  — — e  —  —  — .  a. .  ,  ..v  ^  ..  .a.aa_re  of 

37“/.u  oo j  a_. ._  w  a .. ,  •  ■— .nv vC  v * w...  r.c  ..  .nw.  a«.w  w..w 

medium  is  covered  with  hydrochloric  acid  (?  percent),  "he  iodine 
taken  from  the  totas-ium  iodide  by  the  nitrite  uroauces  blue  snots 


under  tne  orenor  co_e: 


“a  -  V  . 


a  ana  co_orn.es  oi  oacteraa 


may  be  placed  in  sequence  dor  a  short  period  on  a  number  of  neaia 
and,  using  the  appropriate  —acre-. and  microreactior.s,  a  cetaiied 
description  of  the  biochemical  properties  od  the  bacteria  studied 
may  thus  be  obtained,  -lay no otic  media  dor  these  analyses  may  be 
prepared  cx  tempore,  starting  v.ith  !,unded!l  agar,  meat  peptone  agar, 
ar.d  others,  ar.d  adding  the  required  ingredients  under  sterile 


conditions.  Xenbrane  filters  v.ith  colonies  on  them  may  be  kept 
for  days  if  dry,  for  ex.nple,  in  Petri  cithes.  dhe  activity  of 
bacteria  in  the  colonies  burir. T  this  nrocess  v.ill  remain  suite  high. 


..ith  the  correct  do.. city  mc.ubrar.e  filters  are  i:..per.ctrahl< 

for  ba  cteria.  -experiments  with  cultures  od  ba  c _ ,-ria  in  tubes  to  one 

£i*G  oi  vie;.  :..G.7.or£.»ie  vroro  azzi-CfiCcL  v.nt. *1  co n_j.oCcior«  Om-aCt 

a  .  «  —  —  Ct  G  i'a  S  0  .''.0  •  i  04  .tJ  mUSClCp'  O  w .  r  »  V*i  O*  Cat  C  wOl'XvL  U --.1 


filters,  tor  tain  mold  fungi  ar.d  aciir.omycetcs  cap-ble  of  -estroyir.g 
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the  subytir.ee  of  tr.o  filters  do  gr- through  the  ne.ubrar.es.  This 
property  of  membrane  filters  may  t-  utilized  in  vivo  studies  of 
colonies  of  microbes,  r.hyac-  an-  zooplankton,  and  others  (dazumov, 

1953). 

Aembr-r.e  filters  are  irr-p"  -aezbie  for  asking  field  and 
expectation  studies  of  bodies  of  v.-.ter.  -'.ere  t..e  following  opportu¬ 
nities  are  especially  valuable:  (l)  doing  without  liquid  nutritive 
media,  (2)  reducing  the  amount  of  equipment  needed  ar.d  (3)  having  a 
simple  solution  for  the  difx'icuit  problem,  of  the  incubator  which 
has  not  yet  been  satisfactory  either  in  Russia  or  ab  road  •  -^.rsov 
(1932)  proposed  that  in  these  cases  one  substitute  natal  (for  example, 
al uninun)  cans  for  the  Petri  dishes  ana  grow  the  cultures  by  placing 
them  in  the  pockets  of  a  special  vest,  thus  utilizing  the  heat  of  the 
body.  V/e  have  available  a  portable  laboratory  which  is  adequate  for  all 
work  in  studying  water  in  situ  (selection  df  samples,  processing  then, 
obtaining  answers  ana  collecting  material  for  use  in  the  hone 
laboratory  to  mc.ke  the  results  of  analysis  nore  exact).  Instructions 
for  carrying  out  these  openations  have  been  published  several  tines 

(Razumov,  1943  >  1947,  1953).  Using  this  method  Kuznetsova  and  I  nn.de 

* 

an  extensive  examination  of  sources  of  water  under  extremely  difficult 
conditions  in  districts  only  recently  liberated  from  occupation 
during  the  past  war.  In  the  US  there  are  portable  laboratories  with 
a  thermos  for  growing  cultures  on  membrane  filters(Goetz,  1953b) .  At  present 
the  method  for  growing  cultures  on  membrane  filters  is  undergoing  inter.-  ^ 
sive  development  in  Germany  where  it  was  carried  from  the  USSR  during 
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the  Great  Fatherland  V.'ar.  The  first  report  on  it  there  was  published 
in  1943  with  rant! on  of  the  work  of  the  Russians  who  first  had  the 
iuea  of  placing  the  membrane  filters  on  nutritive  msdia.  Kruse  (1949) 
calls  this  circur.star.ce  "tragic",  presumably  having  in  rind  the  unused 
opportunity  for  overcoring  ti.  eimrm.a  difficulties  cf  German  bacterio¬ 
logists  during  the  war.  V.’orl:  i-  bei..g  dor.-  tr.creir.  accelerating  the 
sanitary  bacteriological  analysis  of  water  (Kruse,  1949),  on  developing 
a  standard  analysis,  and  or.  using  the  r.er.brar.e  filter  reshed. 

Methods  based  on  the  use  of  . _ e.brane  filters  have  passed 

to  the  U5  fror.  Germany  where  the  former  country  sent  a  special  cored. sion 
irr.ediately  after  the  end  of  iso  war  to  study  the  achiever.ents  of 
Ger.any,  particularly  in  this  field.  In  the  US  the  new  retbods  x'or 
atudying  water  and  air  have  interested  bosh  rilitary  (Cherical  Corps 
of  the  TJS  .irry)  and  civilian  sanitation  agencies  and  the  committee 
to  standardize  rethods  for  analysis  of  drinking  water  and  sewage.  In 
general,  research  in  the  US  follows  the  line  of  using  and  improving  the 
rerbrane  filter  rethods  developed  in  the  USSR  and  described  above.  The 
culturing  of  rerbrane  filters  takes  place  on  a  pad  of  inert  rateriai 
(for  example,  thick  filter  paper),  irpregnated  with  a  liquid  nutritive 
rediun.  In  order  to  shorten  the  lag  phase,  yeast  autolysate  and  other 
stirulators  of  colony  growth  are  introduced  into  the  r.utx*itive  media 
which  are  rare  concentrated  than  usual.  For  the  same  purpose  there  is 
a  short  perliminary  culturing  of  the  membrane  filters  (2-3  hours) 
on  complete  media  after  which  the  filters  are  moved  to  a  pad  in- 
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pregnuted  with  selective  or  diagnostic  media  where  the  culture 
completes  its  growth.  There  -re  pads  which  are  soaked  in  advance 
with  the  proper  media  and  then  dried  ar.d  sterilised.  Before  being 
used  they  are  moistened  in  a  sterile  Petri  dish  with  2  milliliters 
of  water,  The re  are  also  .  -re  compis;:  pads  consisting  of  three 
layers:  an  upper  impregnateu  with  a  medium  to  speed  up  the  frowth 
of  colonies,  and  a  lower  impregnated  with  a  selective  medium  which 
my  penetrate  through  the  midale  layer  after  the  lag  ph-se  has  elapsed 
(for  example,  in  2  hours).  The  details  of  membrane  filter  methods 
developed  in  the  US  my  be  found  in  the  publication  of  Goats  (1951, 
1952,  1953a),  Bush  (1953)  and  others. 

In  England  work  vdth  membrane  filters  has  been  limited  to 
adopting  methods  worked  out  in  the  US  and  to  testing  their  suitabili¬ 
ty  for  established  practice  of  sanitary  bacteriological  analysis  of 
water  in  that  country  (Taylor  and  others,  1953). 


■CONCLUSIONS 

The  preceding  analysis  and  the  far  from  complete  list  of 
Russian  works  on  various  problems  in  the  use  of  membrane  filters, 
primarily  in  the  field  of  microbiological  analysis  of  water,  show 
that  muon  work  has  been  done  in  the  Societ  Union  on  this  question 
and  that  in  this  field  we  have  been  more  than  20  ye*rs  ahead  of 
foreign  countries.  This  in  turn  imposes  a  great  and  responsible 
obligation  to  keep  ir.  first  place,  while  many  foreign  countries  are 
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of  membrane  filters  deoigr.od  for  various  purposes,  and  a  s<- 
for  siailar  new  filtering  materials  ’./rich  do  :.ot  have  t'r.3  f 
negative  properties  of  neo.trane  filsors  r-de  iron  nitroceli 
It  is  to  be  hoped  that  we  vdil  achieve  ^rcas  euoc_ss  in  era. 

direction. 
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